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(S) Method for retaining ophthalmological agents in ocular tissues. 



(57) A method for retaining- ophthalmological 
agents in ocular tissues is provided comprising 
complexing an ophthalmological drug or rea- 
gent with a glucan sulfate such as cydodextrin 
sulfate and contacting the complex so formed 
with the ocular tissue. 
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METHOD FOR RETAINING OPHTHALMOLOGICAL AGENTS IN OCULAR TISSUES 



Background of the Invention 

In accordance with the present invention, there is 
provided a method for retaining ophthalmologic^ 5 
agents in ocular tissues comprising complexing an 
ophthalmologic^ drug or reagent with a sulfated glu- 
can sulfate such as cyclodextrin sulfate and contact- 
ing the complex so formed with the ocular tissue. 

One of the most frequently d iscussed problems in 10 
ocular therapeutics is the delivery of a optimal con- 
centrations of dphthalmological agents at the site of 
action. This problem is due to a number of factors 
including the distance between where the drug is 
administered and where it acts, and the physiological 15 
processes which reduce drug concentration as it . 
moves from its administration site to its action site. 
These processes can be grouped into three 
categories based on anatomical considerations. See 
Mishima et al, Survey of Ophthalmology Vol.29, No.5 20 
at 335-346 (1985). The first is tear dynamics, con- 
junctival and scleral absorption. Second is interaction 
with the cornea. Third is intraocular distribution includ- 
ing aqueous humor turnover. The extent to which 
such processes are involved in ocular drug 25 
bioavailability is often modified by the physical and 
chemical properties of the drug as well as by the 
physical properties of the vehicle used in conjunction 
with the ocular drug or reagent 

Precorneal drug loss, e.g., precorneal fluid 30 
dynamics, plays an exceedingly important role in con- 
trolling the amount of drug available for corneal 
absorption. It is principally influenced by the nature of 
the vehicle applied. Liquid vehicles, which include 
liposomes, are subjected to drainage into the nasolac- 35 
rimal apparatus immediately following instillation, a 
process whose efficiency is highly dependent on the 
volume, pH, tonicity, and viscosity of the liquid instil- 
led. In addition, the drug would be diluted by tears sec- 
reted by the lacrimal glands and may be lost to the tear 40 
proteins as a result of binding, thus further reducing 
the amount of drug available for corneal absorption. 

Drug absorption into the conjunctiva is another 
route of precorneal drug loss. A portion of the drug lost 
to the conjunctiva may, however, eventually gain 45 
entry to the internal eye. While drug loss to precorneal 
fluid dynamics is primarily a function of the nature of 
the drug vehicle, corneal drug absorption is principally 
controlled by the physical and chemical properties of 
a drug relative to the properties of the cornea. Of the 50 
drug properties, iipophilicity and molecular size play 
a more important role in corneal drug transport 

In recent years, the traditional view of the cornea 
as a physical barrier to drug transport has been 
expanded to include its capacity to metabolize certain ss 
drugs in transit. Progress in this area is enhanced by 



ongoing research efforts in unraveling the full comple- 
ment of enzyme systems participating in corneal drug 
metabolism. Among the metabolic enzymes that have 
been identified are the esterases, catechol-O-methyl 
transferase, monoamine oxidase, arylhydrocarbon 
hydroxylase, UDP-glucuronyi transferase, acid phos- 
phatase, beta-glucuronidase, and aryisulfatase. Both 
direct and indirect evidence indicates localization of 
these enzymes in the corneal epithelium. Interaction 
of the vast majority of drugs with these corneal 
enzymes usually results in a reduction of the amount 
of drug available for interaction with drug receptors 
within the eye. This event is, therefore, undesirable. 

The vehicle in which a drug Is housed can influ- 
ence the rate and extent of topical ocular drug absorp- 
tion in several ways: (1) by affecting the duration over 
which the drug remains in the tear chamber; (2) by 
affecting the rate of drug release; and (3) by the man- 
ner in which the vehicle itself interacts with the corneal 
epithelial surface. These factors, in turn, are affected 
by the additives such as buffers, polymers, and pre- 
servatives in a given vehicle, by the drug concen- 
tration in the vehicle, and by the frequency and order 
of administration of the vehicle. 

The vehicles that are currently commercially 
available include aqueous solutions, suspensions, 
ointments, and the Ocusert*. Those that are poten- 
tially useful include gels, erodibie and nonerodible 
inserts, emulsions, microcapsules, and liposomes. To 
this list may be added a bbadheshre polymeric sys- 
tem, which is under investigation for oral controlled 
drug delivery but which can be adapted to control the 
delivery for ophthalmic drugs. 

In the category of potentially useful vehicles, the 
gels and inserts are the more widely studied. Grass et 
a!., found that erodibie films made of 20% polyvinyl 
alcohol and containing pilocarpine amplified the 
maximum change in miosis and the duration of miosis 
in the albino rabbit by a factor of 2 and 5 respectively. 
Using a similar polymeric film, Saettone et al. demon- 
strated a twofold increase in the ocular bioavailability 
of pilocarpine over a aqueous solution in albino rab- 
bits. Moreover, these investigators found that com- 
plexing pilocarpine with po!y(acryiic acid) further 
enhanced the ocular bioavailability of pilocarpine by 
another factor of two. Using polyacrylamide and a 
copolymer of acrylamide, N-vinylpyrrolidone, and 
ethyl acrylate as a drug delivery matrix, Urtti et al. 
observed a threefold increase in the ocular 
bioavailability of pilocarpine in both albino and pig- 
mented rabbits. In all three instances, the enhanced 
drug effectiveness was attributed to improved contact 
time of the vehicle with the cornea. 

Unlike ointments and inserts, vehicles such as 
suspensions, emulsions, microcapsules, and Hop- 
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somes are liquid-like. As such, they are subjected to 
removal from the conjunctival sac via drainage, result- 
ing in a residence time of 30 minutes or leas in the tear 
pool. This drainage rate is slightly dependent on the 
physical nature of the vehicle. For instance, suspen- 
sions have been found to be retained in the conjuncti- 
val sac longer than solutions. It is expected that other 
dispersed systems such as liposomes, emulsions, 
and microcapsules would behave similarly. Although 
these vehicles remain In the conjunctival sac longer 
than aqueous solutions, they would be therapeutically 
useful only if they consistently release the drug at an 
optimal rate, through a combination of such proces- 
ses a dissolution, diffusion and partitioning. This is 
because, unlike solutions, the drug in these vehicles 
is not immediately available for corneal absorption. 

To date, the manner in which liquid vehicles 
interact with the corneal surface has been neither well 
studied nor exploited for controlling corneal drug 
absorption. Obviously, vehicles that may have an 
affinity for the corneal surface, as exemplified by 
bioadhesive polymers, must overcome the natural 
tendency of the cornea to rid its surface of foreign sub- 
stances. Although a judicious selection of emulsifying 
agents, polymers, and phospholipids, dispersed sys- 
tems like emulsions, microcapsules, and liposomes 
may achieve this goal, it is apparent that continuing 
efforts will be required to prolong ophthalmological 
drug action by lengthening the time that the drug or 
reagent is in the eye. 

Summary of the Invention 

In accordance with the present invention there is 
providing methods for retaining an ophthalmological 
agent in an ocular tissue comprising complexing the 
ocular agent with a glucan sulfate such as cyclodext- 
rin sulfate. It has been found, for example, that cyc- 
lodextrin sulfate, not only penetrates the cornea, but 
has an affinity for FGF in ocular tissue which allows it 
to be used as a vehicle for delivering ophthalmological 
agents to the eye. It has also been found that blood 
vessels including newly formed blood vessels contain 
large amounts of FGF which permits introduction of 
glucan sulfate complexed to ophthalmological agents 
to the eye via the circulatory system. The use of glu- 
can sulfates to deliver ophthalmological agents to 
ocular tissues should significantly increase the 
bioavailability of the agent at its site of action. This 
should significantly reduce the amount of agent 
required to compensate for loss of the ocular agent as 
discussed above. Moreover, concerns about toxicity 
of certain agents should also be reduced due to the 
overall reduction in the amount of agent required. 

As used herein the term "ophthalmological agent" 
means any pharmaceutical, drug, salt thereof, alone 
or together with any pharmaceutical carrier, diluent or 
the like, and also means any diagnostic agent reagent 



which can be eliminated to ocular tissues regardless 
of whether such reagent has any therapeutic affect on 
the tissue. 

As used herein the term "complex* is used in the 
5 broadest sense to include ionic binding, covalent 
binding, hydrogen binding, and other intra- or inter- 
molecular forces whereby one compliment is 
associated with another. 

As used herein the term "ocular tissue 1 means the 
10 cornea, its surrounding limbus, the anterior chamber 
fluid, the iris, the lens, the vitreous, the retina and 
choroid and the blood vesels which supply these tis- 
sues or surround them. 

is Brief Description of the Drawings 

Figure 1 depicts the penetration of radioactively 
labelled p-cyclodextrin tetrad ecasulfate across the 
rabbit cornea over a period of two hours. 
20 Figure 2 depicts the retention of radioactively 
labelled p-cyclodextrin tetradecasulfate in the rabbit 
cornea over a 24 hour period. 
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Detailed Description of the Invention 



In accordance with the present invention 
methods are provided for retaining an ophthalmologi- 
cs! agent such as a drug or diagnostic reagent at an 
ocular tissue. In particular the method comprises 
30 forming a complex, either prior to administration orfn 
vivo of an ophthalmological agent and a glucan sul- 
fate, and contacting the complex with the ocular tis- 
sue. 

Certain ocular tissues such as Descemefsmem- 
35 brane and Bowman's membrane are known to contain 
large amounts of fibroblast growth factor, and in par- 
ticular basic fibroblast growth factor (FGF). See 
Folkman et al. Amer. J. Pathol. 130:393-400, (1988). 
It has also previously been reported that fibroblast 
40 growth factor can be purified on a sulfated cydodext- 
rin column because of the high affinity of FGF for sul- 
fated cyclodextrins such as p-cyclodextrin 
tetradecasulfate. See Shing et al. Anal. Biochem. 
184:1990. 

45 in accordance with one embodiment the present 
invention it has been found that not only is there cor- 
neal penetration of glucan sulfates such of cydodext- 
rin sulfate, but that such glucan sulfates temporarily 
bind to and are retained at ocular tissues which con- 

so tain FGF. 

While not wishing to be bound by theory, it is 
believed that FGF present in certain ocular tissues is 
acting as "reverse" affinity column which binds glucan 
sulfate as it diffuses across the cornea. Thus, glucan 

55 sulfates such as cyclodextrin sulfate, can be used as 
a vehicle for transporting and keeping ophthalmologi- 
cal agents in the eye at higher concentrations and for 
longer periods of time then conventional ocular 
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therapeutic techniques. 

In accordance with another embodiment, discus- 
sed in more detail below, FGF has been found in the 
basement membrane of blood vessels (unpublished 
results), including newly growing blood vessels such 
as those found in diabetic retinopathy. Thus, in 
accordance with the present invention glucan sulfates 
can be used to deliver ophthaimological agents to 
ocular tissue via the circulatory system. For example, 
fluroscein can be delivered to the retina and retained 
there for a period of time longer than in conventional 
fluorescein angiograms. 

Glucan sulfates which can be used in accordance 
with the present invention includes dextran sulfate, 
cyclodextrin sulfate and p-1 ,3-glucan sulfate. The pre- 
ferred glucan sulfate for topical administration is cyc- 
lodextrin sulfate as it has been demonstrated that it 
readily penetrates the cornea. The preferred glucan 
sulfate for introduction via the circulatory system is 
also cyclodextrin sulfate although other glucan sul- 
fates discussed below may also be used. Glucan sul- 
fates of the present invention preferably have a sulfur 
content of not less than 3%(w/w), more preferably be- 
tween about 12 to 24%(w/w), and most preferably be- 
tween about 15 to 20%(w/w). 

Cydodextrins are natural cyclic compounds con- 
sisting of six (alpha), seven (beta) or eight (gamma) 
D-glucose units linked by alpha(1->4) linkage. They 
have a donut-shaped molecular structure which pro- 
vides a cavity whereby ciatherates may form with 
guest molecules of suitable size. In other words, this 
internal doughnut-shaped molecule provides a 
hydrophobic cavity at the center and a hydrophillc 
outer surface, either of which can be used to carry an 
ophthaimological agent to the ocular tissues. The 
diameter of the cavity is determined by the number of 
glucose units that make up the ring (6, 7, or 8 units for 
alpha, beta-, or gamma-cyclodextrins respectively. 

Cyclodextrin sulfate is an ester resulting from the 
sulfonation of these cydodextrins. Sulfonation is 
achieved by known methods. One preferred method 
ofsulfonation is descried in U.S. Patent No. 2,923,704 
and Japanese Patent Application Laid-open 
No.36422/1975. 

The sulfur content of cyclodextrin sulfate normally 
exceeds about 3%(w/w), and is preferably between 
about 12 and 24% (w/w). Such cyclodextrin sulfates 
are also very soluble in water. Cyclodextrin sulfate 
containing about 15 to 21% (w/w) sulfur is particularly 
advantageous. 

The alpha, beta, and gamma cydodextrins sul- 
fate salts are all usable as vehides for delivery and 
retaining ophthaimological agents at ocular tissues in 
accordance with the present invention, p-cydodextrin 
salts such as beta-cydodextrin tetrad ecasulf ate are 
preferred. 

P-1 ,3-glucan sulfate used in the present invention 
is produced by sulfonating p-1 ,3-glucan. p-1 ,3-glucan 



is produced by microorganisms belonging to the 
genus Alcaligenus or Agrobacterium , has straight 
chains, is water-soluble and is thermogelable. Pro- 
cesses for purifying various giucans are described in 
5 Ebisu et a!., Journal of Bacteriology pp.1489-1501, 
1975. 

Curdlan (also known as thenmogelable polysac- 
charide PS, commercially available from Wako Pure 
Chemical Industries, Ltd. Japan) is known to be a wa- 

10 ter-insoluble, thermogelable, unbranched straight 
chain glucan which has p-(1->3) linkage alone and 
which is produce by microbial strains belonging to the 
genus Alcaligenes or Agrobacterium (see e.g., Japan- 
ese Patent Publication Nos. 7,000/1968, 32,673/1973 

15 and 32,674/1973 and British Patent No. 1,352,938). 
The curdlan producers Alcaligenes faecalis var. 
myxogenes NTK-u strain, Agrobacterium radiobacter 
U-19 strain are listed respectively under ATCC- 
21680, ATCC-6466 and ATCC-21679 In the Ameri- 

20 can Type Culture Collection Catalogue of Strains, I, 
15th edition, 1982. 

Hydrolysates which are low molecular weight 
derivatives of curdlan may also be used. The method 
of its production is described in detail in Japanese 

25 Patent Application (laid-open) No.83798/1980, or in 
U.S. Patent No. 4,454,315. 

p-1 ,3-glucan may have an average degree of 
polymerization (DP) below 1000. In particular, its par- 
tial hydroiysate with a DP ranging from 6 to about 300 

30 is recommended, and its partial hydroiysate with DP 
and 15 to about 200 is preferred. 

The sulfate of straight chain p-1 ,3-glucan for the 
present invention is an ester resulting from the sulfo- 
nation of the hydroxyl group of p-1 ,3-glucan or its 

35 lower polymers; an ester with an average degree of 
substitution (DS) of 0.5 to 3 per monosaccharide unit 
is normally used, and an ester with DS of 1 to 2 is pref- 
erably used. 

Sulfonation of straight chain p-1 ,3-glucan or its 

40 low molecular weight polymer can be achieved by the 
method described in Journal of Biological Chemistry, 
239 , 2986 (1964). The sulfur content of p-1,3-glucan 
sulfate is normally over 5% (W/W), preferably about 
10 to 21% (W/W), and it is very soluble in water. 

45 Examples of dextran sulfate employable in the 
present invention indude sulfate of dextran, the dext- 
ran being produced from sucrose by the action of 
microorganisms such as Leuconostoc mesen- 
teroides. 

so Dextran sulfate is a partial sulfate of dextran 
whose principal structure is an alpha (1->6) linkage of 
glucose, and the sulfur content is usually not less than 
about 12%, preferably about 1 6 to 20%. The average 
molecular weight is in the range of from about 1,000 

55 to 40,000,000, preferably in the range of from about 
3,000 to 1 ,000,000 and the dextran sulfate is very sol- 
uble in water. 

The glucan sulfate employable in the present 
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invention may also be in the form of a salt As the salt, 
any pharmaceuticaliy acceptable cation may be 
employed, e.g., sodium potassium, ammonium, 
trimethy! ammonium, and the tike. The form of glucan 
sulfate used in the present invention will depend on a 
number of factors including the ophthalmological 
agent to be complexed, whether the complexing is by 
hydrogen binding, covalent binding, interaction with 
the hydrophobic cavity of cyclodestrin, and the like. 

Glucan sulfates may be complexed or otherwise 
combined with various ophthalmological reagents to 
provide novel means for delivering and retaining such 
agents in the ocular tissue. Ophthalmological agents 
which may be used in combination with glucan sulfate 
as a vehicle readily may be determined by the skilled 
artisan by a number of techniques and include: 
therapeutic agents for the treatment of glucoma such 
as epinephrine or its salt, dipivefrine hydrochloride, 
bibearpine hydrochloride, befunolol hydrochloride, 5- 
flourouracit (used to prevent glaucoma and after 
galucoma surgery to prevent scar formation), pilocar- 
pine and timolol maleate; therapeutic agents for the 
treatment of cataracts such as pirenoxine; anti-aller- 
gic agents such as sodium nomoglicate, cromolyn 
and amSexanox; anesthetics such as xJocaine, tet- 
racaine and the like; anti-inflammatory agents such as 
fiuorometholone, indomethacin, pranoprofen, hyd- 
rocortisone, prednisolone, and other anti-inflammat- 
ory steroids as well as non-steroidal antiinflamatory , 
agents such as indomethacin; immune suppressants 
used to prevent rejection in corneal transplants such 
as cyclosporine; angiogenic inhibitory agents such as 
fumagiilin and its derivatives such as O-chloracetyl- 
carbomoylfumagillol; antifungal agents such as 
amphotericin B and nystatin; angiostatic agents such 
as tetrahydrocortisol, and other angiostatic drugs 
which may complex or bind with p-cyclodextrin tet- 
rad ecasulfate; anti-microbial agents such as 
ofloxacin, norfloxacin, idoxuradine, erythromycin, 
neomycin trifluorouridine and acyclovir and the like. 

As noted above, diagnostic reagents such as 
fluoroscein may also be used in combination with glu- 
can sulfates in angiograms as discussed in more 
detail below. Fluoroscein has aiso been recently used 
in clinical trials in conjunction with laser therapy to 
treat neovascularization in the cornea, i.e., to reverse 
neovascularization in corneal transplants and grafts. 
Laser therapy only works, howvever, when the cor- 
neal vessels are enhanced by an intravenous injec- 
tion of fluoroscein before each laser burst, which burst 
amplifies the laser light inside the blood vessels and 
closes it off. The problem, however, is that fluoroscein 
alone (without the glucan sulfate of the present inven- 
tion) is cleared from the blood vessels in less than one 
minute, and thus, some 50-100 injections of fluoros- 
cein may be required, and which in such large 
amounts be toxic to the liver, in accordance with the 
present invention, complexing fluoroscein with glucan 



sulfate increases the retention time of fluoroscein in 
the ocular tissue. In fact, as discussed below, it has 
been demonstrated that a single injection of fluoros- 
cein when complexed to p-cyclodextrln tetradecasul- 

5 fate is retained in the vessels for at least 3 hours, 
which should greatly reduce the number of injections 
required for such surgical techniques. 

The method of complexing glucan sulfate with an 
ophthalmological agent will vary in accordance with a 

w number of factors including the glucan sulfate, the 
ophthalmological agent, the affinity of the agent for 
the particular glucan sulfate, the ability to form cova- 
lent, ionic or hydrogen bonding, or interaction with the 
hydrophobic cavity of glucan sulfates such as cyc- 

15 lodextrin sulfate. 

For example, for cyclodextrin sulfate, the affinity 
of an ophthalmological agent for the cyclodextrin sul- 
fate and, in particular whether the agent will bind or 
otherwise be retained in the cavity.of the cyclodextrin 

20 sulfate can be determined by radioactively labeling 
the cyclodextrin sulfate, the ophthalmological agent, 
or both, and precipitating out the complex with e.g., 
alcohol. 

Binding to the surface of the cyclodextrin sulfate 

25 can be ascertained by a number of techniques such 
as competitive inhibition with various indicator dyes. 

In certain instances, it may be desirable to cova- 
lently bind glucan sulfate and the ophthalmological 

, , _ agent, conventional techniques. 

30 For complexing of p-cydodextrin-cortisone com- 
plexes, (see for example Andersen, et al., Arch. 
Pharm. Chem. Sci. Ed. 11: 61-66 (1983); Armstrong 
et al., Anal. Chem. 57: 234-237 (1985); and Frank et 
al., J. Pharra Sci; Vol 7, No.10: 1215 (1 983); the dis- 

35 closures of which are incorporated by reference 
herein. See also Folkman et al., Science, 243:1490 
(1989), the disclosure of which is incorporated by 
reference. For complexing of 5-fluorouradl, see Kaji 
et al., Int. J. Pharm. 24:79 (1985) the disclosure of 

40 which is incorporated by reference. For indomethacin 
complexation with cyclodextrin, see Szejtii et al., 
Pharmazu 36:694 (1981) the disclosure of which is 
incorporated by reference. 

The amount of glucan sulfate used in combination 

45 with any particular ophthalmological agent will 
depend on a number of factors including the route of 
administration of the complex, the degree of complex- 
ing and strength of the complex formed, as well as the 
number of doses required per day. In general, the 

so amount will be sufficient to obtain 100% complexing 
of the guest molecule, i.e., the ophthalmological agent 
with the glucan sulfate. 
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Example 1 - 

Corneal Penetration of p-cyclodextrin 
Tetradecasulfate 

A polyethylene ring was glued to the cornea in 
anesthesized rabbits. Saline containing 1 mg/ml of 
IS^p-cyclodextrin tetradecasulfate was added to 
each well for up to 120 minutes, after which the wells 
were removed and the corneas vigorously rinsed with 10 
saline. The anterior chamber fluid (ACF) was then 
aspirated. The corneas were then exised and diges- 
ted in collegenase and the cornea! supernatunt coun- 
ted. 

As can be seen from Figure 1 [S^l-p-cyclodextrin 
tetradecasulfate in both the corneas and ACF 
increased bearly with time, reaching 0.34± 0.107ug in 
the cornea and 0.18± 0.014ng in the ACF at two 
hours. 

This experiment also indicates that the label is 
detected in the ACF and in the corneas up to three 
hours after the wells containing [S^l-p-cyclodextrin 
tetradecasulffate have been removed, indicating cor- 
neal retention and slow release of p-cyclodextrin tet- 
radecasulfate into the anterior chamber. 

This is in stark contrast to the conventional ocular 
therapy where ophthalmic agents are removed from 
the ocular tissue with the exchange of aqueous fluid 
in the anterior chamber which occurs approximately 
every thirty minutes. 

Example 2 

In a similar experiment, itwas been demonstrated 
that after a single application of radioactive p-cyc- 
lodextrin tetradecasulfate, there was a rapid rise in the 
cornea of labelled p-cyclodextrin tetradecasulfate and 
then a gradual fall-off. At the 24 hour mark, however, 
the cornea still retained three times the concentration 
of an untreated cornea. As can be seen from Figure 
2, the concentration of p-cyclodextrin tetradecalsul- 
fate in the aqueous humor parallels that in the cornea, 
but at lower levels, which is consistent with the slow 
diffusion which occurs from the corneal depot into the 
aqueous humor. 

Example 3 

P-cyclodextrin/Flouroscein Complex 

p-cyclodextrin tetradecasulfate was complexed 
by disolving both compounds in water with a molar 
excess of fluorescein. Specifically, to 6 ml of saline 
there was added 3 gm of fluorescein and 30 mgm of 
P-cyclodextrin tetradecsulfate (ml salinetgm fluoros- 
ceinrcyciodextrin sulfate of 2:1:10). This yields a 
molar ratio of flourosceinxyciodextrin sulfate of about 
600:1. This produced a light green solution which was 



placed shaken at 37°C rotator shaking plate for 4 
days. Ethanol was then added (100%) at 1:5 v/v fol- 
lowed by centrifugation at about 2000 g for about 20 
minutes. A green precipitate formed. The pellet was 
repeatedly washed with ethanol (100%) until the 
supernatant was colorless (until the ethanol Ic solution 
was clear and contained no fluorscein by UV fluoresc- 
ence), and then by vacuum dried. 

Example 4 

The water soluble complex described in Example 
3 was injected into the carotid artery of rabbits who 
had neovascularization in the cornea induced by a 
pellet of endotoxin implanted one week earlier. After 
a single injection, the new vessels in the cornea were 
still flourescing green 3 hours later. 

Similarly, when the cyclodextrin-fluorscein com- 
plex, dissolved in an aqueous solution of methyicel- 
lulose (0.45%), was applied to the rabbit cornea, 
Descemefs membrane in the cornea also glowed 
green more than 3 hours later when histological sec- 
tions of the corneas were examined. Flouroscein 
alone disappeared from the corneal vessels within a 
few minutes after being injected into the carotid artery, 
and was not found in Descemefs membrane. 



Claims 

1. A medicament for treating an ocular tissue which 
retains the ophthalmologics! agent at the ocular 
tissue, which comprises a complex of an ophthal- 
mologics! agent and a giucan sulfate. 

2. The medicament of claim 1, wherein the glucan 
sulfate is selected from the group consisting of 
dextran sulfate, cyctodextrin sulfate or p-1, 3-glu- 
can sulfate. 

3. The medicament of claim 2, wherein the glucan 
sulfate comprises cyclodextrin sulfate. 

4. The medicament of claim 3, wherein the cyc- 
lodextrin sulfate has a sulfur content of greater 
than about 3%(w/w). 

5. The medicament of claim 4, wherein the cyc- 
lodextrin sulfate has a sulfur content of between 
about 12 and 24%(w/w). 

6. The medicament of claim 5, wherein the cyc- 
lodextrin sulfate has a sulfur content between 
about 15 and 21%(w/w). 

7. The medicament of claim 3, wherein the cyc- 
lodextrin sulfate is selected from the group con- 
sisting of alpha-, beta- or gamma-cydodextrin 
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sulfate. 

8. The medicament of claim 3, wherein the cyc- 
lodextrin sulfate is p-cyclodextrin tetradecasul- 
fate. 

9. The medicament of claim 2, wherein the glucan 
. ^ sulfate is (k1 f 3-glucan sulfate. 

10. The medicament of claim 9, wherein the £-1, 3- 
glucan sulfate has a sulfur content greater than 
about 5%(w/w). 

1 1. The medicament of claim 1 0, wherein the f*-1 , 3- 
glucan sulfate has a sulfur content between about 
10to21%(w/w). 

12. The medicament of claim 9, wherein the 0-1, 3- 
glucan sulfate is a partial hydrolysate having an 
average degree of polymerization below about 
1000. 

13. The medicament of claim 12, wherein the aver- 
age degree of polymerization is between about 
300. 

14. The medicament of claim 13, wherein the degree 
of polymerization is between about 45 and 200. 

15. The medicament of claim 2, wherein the glucan 
sulfate is dextran sulfate. 

16. The medicament of claim 15, wherein the dextran 
sulfate has a sulfur content greater than about 
12%(w/w). 

17. The medicament of claim 16, wherein the sulfur 
content of dextran sulfate is between about 15 
and21%(w/w). 

18. The medicament of claim 15, wherein the aver- 
age molecular weight of dextran sulfate is be- 
tween about 1000 and 40,000,000. 

19. The medicament of claim 17, wherein the aver- 
age molecular weight is between about 3,000 and 
1,000,000. 

20. The medicament of claim 1 , wherein the complex 
is administered topically. 

21. The medicament of claim 1 , wherein the ophthal- 
mological agent is administered topically and the 
glucan sulfate is administered topically and the 
complex froms in vivo. 

22. The medicament of claim 1 , wherein the complex 
is administered parenteral^. 
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23. The medicament of claim 1, wherein the ophthal- 
mological agent is administered parenterally and 
the glucan sulfate is administered parenterally 
and the complex is formed in vivo. 

5 

24. The medicament of claim 1 , wherein the complex 
of an ophthalmologic^ agent and a glucan sulfate 
is not a complex of fumagillin or cortexdone with 
p-cyclodextrin tetradecasulfate. 

10 

25. The medicament of claim 24, wherein the com- 
plex of an ophthalmological agent and a glucan 
sulfate comprises fumagillin and a glucan sulfate 
not including p-cydodextrin tetradecasulfate. 

15 

26. The medicament of claim 24, wherein the com- 
plex of an opthalmologicai agent and a glucan 
sulfate comprises cortexolone and a glucan sul- 
fate not including p-cyclodextrin tetradecasulfate. 

20 

27. Use of a complex of an ophthalmological agent 
and a glucan sulfate to produce a medicament for 
treating an ocular tissue which retains the 
ophthalmological agent at the ocular tissues. 

25 

28. A pharmaceutical composition which comprises a 
complex of an ophthalmological agent and a glu- 
can sulfate. 

30 29. A method for producing a complex of an ophthal- 
mological agent and a glucan sulfate for treating 
an ocular tissue for retaining the ophthalmologi- 
cal agent at the ocular tissue, which comprises 
contacting the ophthalmological agent with the 

35 glucan sulfate. 
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